Objective: We determined the rate of falls among cognitively normal, community-dwelling older adults, some of whom had presumptive preclinical Alzheimer disease (AD) as detected by in vivo imaging of fibrillar amyloid plaques using Pittsburgh compound B (PiB) and PET and/or by assays of CSF to identify Ab 42 , tau, and phosphorylated tau.
Falls remain the leading cause of long-term disability, premature institutionalization, injury, and injury-related mortality in the older adult population. 1 Persons with Alzheimer disease (AD) dementia have an increased risk of serious falls. 2 Gait changes and falls have been associated with non-AD dementias. 3 However, gait change may also be associated with AD and may precede cognitive changes. 4, 5 New guidelines and diagnostic criteria for AD 6 now recognize a preclinical phase of the disease, detectable with imaging and CSF biomarkers. 7 There are hypothesized models of ordered change in validated biomarkers that occur during the AD process. 8 Only limited data have been available to indicate that cognitively normal older adults with positive AD biomarkers of presumptive preclinical AD are at increased risk of developing cognitive impairment and dementia. 9, 10 However, a stage of preclinical AD has been validated by AD biomarkers in asymptomatic individuals who carry a deterministic mutation for AD. 11 By definition, older adults with presumptive preclinical AD do not have cognitive symptoms as recognized by current clinical methods. However, other changes may be detectable and could yield important information about the spectrum of clinical features of the disease. Physical changes such as weight loss 12 and frailty 13 have been identified in cognitively normal individuals who later develop AD dementia. Because motor slowing precedes cognitive impairment during the typical aging process, 14, 15 it is possible that preclinical AD could exacerbate this motor dysfunction and lead to an increased risk of falls. METHODS We examined the rate of falls in an existing cohort of cognitively normal, community-dwelling older adults, some of whom had preclinical AD as detected by CSF and imaging biomarkers. We hypothesized that cognitively normal older adults with preclinical AD would have a greater cumulative incidence of falls compared with cognitively healthy older adults without preclinical AD.
Overview and setting. A 12-month prospective cohort study examined the cumulative incidence of falls among cognitively normal older adults, with and without preclinical AD, who participate in longitudinal studies of memory and aging at the Knight Alzheimer's Disease Research Center at Washington University in St. Louis. Preclinical AD was determined based on biomarker results (see below). Fall status was ascertained monthly using a tailored calendar journal and fall hotline (see below). Recruitment and follow-up occurred from May 2010 until November 2011.
Participants. Detailed information regarding recruitment, enrollment, and clinical assessment of the participants has been published. 12 Briefly, participants are community-dwelling individuals without health conditions that could adversely affect longitudinal participation (e.g., renal failure requiring dialysis). Each participant receives an annual clinical assessment. Participants in the longitudinal studies undergo in vivo imaging of fibrillar amyloid plaques using Pittsburgh compound B (PiB) and PET 16 and lumbar puncture (LP) to provide CSF samples. 9 We invited individuals to participate in the current study if they met the following criteria: 1) age 65 years or older; 2) normal cognition as indicated by Clinical Dementia Rating (CDR) of 0 17 at their most recent clinical and cognitive assessment; and 3) completed an imaging study within 1 year of that assessment and/or an LP to obtain CSF within 3 years of the assessment. Of the 153 participants who met eligibility criteria, 142 were able to be contacted for enrollment in this study. Five of these participants did not respond to further telephone contact attempts. After a telephone interview, 12 participants declined to consent. The final sample included 125 participants. Participants received a $5 grocery store gift card for each month they participated in the study. Two participants died during the follow-up period. One participant was lost to follow-up after the death of his spouse (see figure 1 ).
Standard protocol approvals, registrations, and patient consent. Study protocols were approved by the Washington University Medical Center Human Subjects Committee. Written informed consent was obtained from all participants.
Materials. Clinical examination. During the clinical examination, experienced clinicians (neurologists, geriatric psychiatrists, and geriatricians all trained in all assessment procedures by J.C.M.) interviewed the participant and a collateral source using a standardized protocol to generate a CDR. 17 The CDR is determined based on performance in 6 domains-memory, orientation, judgment and problem solving, community affairs, home and hobbies, and personal care-and has established reliability. 18 CDR scores range from 0 (cognitive normality) to 3 (severe dementia). In individuals with CDR .0, the diagnosis of AD dementia and other dementing conditions is made in accordance with standard criteria. 19 However, all participants in this study were CDR 0 at their entry into the study. The Mini-Mental State Examination 20 is administered during the clinical examination. A neurologic examination characterizes gait as either normal or abnormal.
Psychometric assessment. A 1.5-hour psychometric assessment is conducted according to a standard protocol 21 27 to measure visuospatial ability and speeded psychomotor performance. Scores are converted to z scores using means and SDs from the initial assessment of a reference group of 310 participants who had a CDR of 0 at enrollment and throughout follow-up and had at least 2 follow-up assessments. 21 These z scores were then averaged to form composites that represent the cognitive domains of episodic, semantic, and working memory; visuospatial abilities; and speeded psychometric performance. 21 Biomarkers. In vivo amyloid imaging was completed using a standard protocol that has been described in detail. 28 Briefly, the PET imaging was conducted with a Siemens 961 HR ECAT scanner or a Siemens 962 HR 1 ECAT scanner (Siemens/ CTI, Knoxville, TN). The PiB image analysis was achieved by registering each participant's PET PiB image set to a magnetizationprepared rapid-acquisition gradient echo MRI. Three-dimensional regions of interest (ROIs) were applied to images of the PET dynamic data, yielding regional time-activity curves. 28 These curves were analyzed for PiB-specific binding using the Logan graphical analysis, with the cerebellum as reference. 29 The Logan analysis yielded a tracer distribution volume ratio, which was then converted to an estimate of the binding potential (BP) for each ROI: BP 5 distribution volume ratio 2 1. The BP expresses regional PiB binding values in a manner directly proportional to the number of binding sites. The BP values from the prefrontal cortex, gyrus rectus, lateral temporal cortex, and precuneus ROIs were averaged in each participant to calculate the mean cortical BP (MCBP). 28 CSF (20-30 mL) was collected via an LP in the morning after an overnight fast following a standard protocol that has been reported elsewhere. 9 Samples were gently inverted to avoid possible gradient effects, briefly centrifuged at low speed, and aliquoted into polypropylene tubes before freezing at -84°C. 9 Samples were analyzed for total tau, phosphorylated tau 181 (ptau 181 ), and Ab 42 using an ELISA (Innotest; Innogenetics, Ghent, Belgium).
Fall covariates. Upon enrolling in the fall study, each subject participated in a 10-to 15-minute telephone interview to Study flowchart ascertain covariates shown in previous studies to be related to falls. Alcohol abuse was measured using the Short Michigan Alcoholism Screening Test-Geriatric Version, 30 a 10-item interview validated for the older adult population. Scores of 2 or more are indicative of a probable alcohol problem. 30 Limitations in the ability to perform activities of daily living (ADL) and instrumental ADL have been associated with an increased risk of falls. The Older American Resources and Services ADL scale was used to determine individuals' level of ADL/instrumental ADL impairment. 31 The Older American Resources and Services scale is brief and easy to administer over the telephone. Respondents are asked about their ability to perform 14 activities, and responses are scored on a 0-2 scale, with higher scores indicating greater independence. Vision and number of prescription medications were assessed. Vision was screened using the question from the National Health Interview Survey: "In the past 12 months, have you had trouble seeing even when wearing glasses or contact lenses (yes or no)?" 32 Prescription medications and dosages were reported by the participant; total number of medications used on a monthly basis was summed.
Prospective fall ascertainment. A 12-month calendar journal, tailored with birthdays and other important personal dates, was produced for each participant to record whether or not a fall occurred daily. Personal dates were provided as a cue to help accurately recall when a fall event occurred. Each page of the 4.25" 3 5.5" large-print calendar journal had space to record 1 week's fall outcome on each page. The calendar journal included fall survey pages to record details of a fall.
Upon receipt of the calendar journal in the mail, participants underwent a telephonic training session to learn to accurately use the calendar journal. Instruction was provided for where to place the journal, how to record details of falls using a fall form, and how to return calendar journal pages each month. Falls were defined as unintentional movement to the floor, the ground, or an object below knee level. 33 We monitored fall documents and ascertained details of falls monthly as recommended by the Prevention of Falls Network Europe. 33 Participants were mailed a reminder to return their calendar pages each month using a provided self-addressed stamped envelope. Pages not returned within 1 week of the due date or that were incomplete prompted a telephone call to the participant. Upon receipt of the pages, a $5 gift card was mailed. A report of a fall triggered a telephone interview to verify that the reported fall met the definition and to ascertain details of the fall. Participants who did not want to record the fall using the calendar journal were given the option of answering the journal questions via telephone with the study coordinator.
Statistical analysis. Time to the first fall was operationalized as days enrolled in study to the first fall. Ratios of tau/Ab 42 and ptau/Ab 42 were calculated. 9 High and low groups were constructed for all 4 biomarkers and the 2 ratios with the most extreme quartile were assigned as high for that variable.
The log-rank test was used to compare the Kaplan-Meier survival curves and the time to the first fall in the 2 groups for each biomarker and the ratios of tau/Ab 42 and ptau/Ab 42 . Unadjusted and adjusted hazard ratios and their 95% confidence intervals were estimated using a Cox proportional hazards model with fall covariates including age, ADL ability, and number of medications with the PHREG procedure of SAS version 9.1 (SAS Institute, Cary, NC). Covariates that were statistically associated with time to fall (p , 0.05) were retained in the model. Time to first fall was tested for association with MCBP at baseline, after adjustment for fall risk factors. Each of the hypothesized potentially confounding variables-age, sex, number of medications, alcohol abuse, and ADL performance-was modeled to allow estimation of fall risk while holding the variable constant. Similar analyses were conducted for each of the CSF biomarkers, as well as the ratio of tau/ Ab 42 and ptau/Ab 42 . Only the addition of ADL performance improved the crude models. Therefore, the final models included ADL performance. In the survival analyses, data from participants who had no falls over the follow-up period were censored at 365 days. These comparisons were designed into the experiment, and not decided upon after inspecting the data. No adjustment was made for multiple testing. All p values are 2-sided to detect differences (p , 0.05).
RESULTS There was no difference in demographic characteristics between those who enrolled in the study and those who declined. Data from 2 participants who died before completing the monitoring period were censored at that time (1 in month 7 and 1 in month 8). One participant was lost to follow-up upon the death of his spouse and was censored at that time (month 10). Of the enrolled participants, 119 had MCBP data and 88 had CSF data on biomarkers of Ab 42 , tau, and ptau. There were 13 missing months of data (of 1,500 possible months) for a response rate of 99.1%; compliance excluding loss to follow-up due to death was calculated at 99.9%. The low and high PiB uptake groups did not differ significantly by age, sex, years of education, number of medications, ADL scores, cognitive status, or gait (table 1) . At the conclusion of the study, 115 participants had returned for their annual clinical examination. Of those, 2 participants converted from CDR 0 to 0.5 (table 1) .
The 125 participants had a total of 154 falls over the 365-day monitoring period; 75 individuals had at least one fall over a follow-up period ranging from 0 to 365 days (x̄5 212 days). The number of falls ranged from 0 to 12 with 36 of the 75 fallers reporting only one fall. Of the 73 participants who completed a telephone interview about their first fall, 14 reported seeking medical attention. No one reported hospitalization. The majority of the falls occurred in the community during walking. There were no differences between the groups regarding the nature or location of the falls. Seventy-five percent of participants in the high PiB uptake group (n 5 18) and 60% of participants in the low PiB uptake group (n 5 101) had at least one fall. The adjusted cumulative incidence of first fall was increased in the high PiB group when controlled for ADL performance (hazard ratio 2.95, 95% confidence interval 1.01-6.45, p 5 0.05). In the adjusted model, the risk of falls is increased indicating ADL performance was a negative confounder. Likewise, the time to fall was significantly different for each CSF biomarker when adjusted for ADL performance (table 2) . Kaplan-Meier curves for the high PiB uptake and healthy control groups are presented in figure 2.
DISCUSSION
The main finding of this study is the increased risk of experiencing a fall among older adults with preclinical AD as detected using PiB PET imaging and CSF biomarkers. In unadjusted analyses, the faster time to first fall was also associated with ratios of CSF biomarkers and individual levels of tau, but not with individual levels of CSF Ab 42 or ptau. After adjustment for age and ADL performance, only the individual level of ptau was not related with time to first fall.
There is evidence to suggest that gait disorders are associated with or predict decline in cognitive function. 34, 35 The pathobiological mechanisms associated with preclinical AD and falls are unknown but the phenomenon of motor changes preceding cognitive changes is consistent with other studies of mobility problems experienced among persons with very early clinical signs of AD 34 or mild cognitive impairment. 34, 35 Our findings extend the results of these studies to suggest that higher rates of falls may occur among persons early in the disease process, even before cognitive impairment. Viewed in context of other studies that examine the relationship between movement or falls and cognition, these findings provide new evidence of the link between falls and future cognitive decline.
Although it may be possible in the future to predict the development of AD dementia based on individual profiles of clinical data, neuroimaging studies, and CSF biomarkers, how the cascade of pathophysiologic changes may relate to the onset of clinical manifestation is not currently established. 8 A better understanding of the mechanism of these falls and where they occur in the development of the disease may help with future diagnosis. This study supports the existence of a preclinical phase of AD and adds new information about the potential broad systemic changes that may be occurring in addition to protein deposition in the brain. 13 The advantages of this study include a wellcharacterized sample of older adults and the high level of compliance among study participants. One limitation of the current study is the homogeneous nature of the sample. This sample of older adults was primarily white and well educated. In the general population of older adults, falls are more prevalent among white people compared to minorities and among those with higher education compared to those with lesser education. 36 The fall rate in the healthy controls (60%) was higher than expected in the general population (33%), 37 which may be attributed to demographic characteristics of the sample. In addition, other forms of pathology may have been present (e.g., brain small-vessel disease), which may have increased the risk of falls. These important covariates should be controlled in future studies.
Another possible limitation of the study is the use of self-reported measures of fall. Although all participants were judged to be cognitively normal (CDR 0) Comment: Brain amyloid increases the risk of falls Dementia and falls are major public health problems. The current study links them by showing that "silent" CNS amyloid (PET evidence for amyloid/CSF decrease in amyloid) and CSF tau species increase the risk of falls. Falls, therefore, may be a more sensitive clue to a "system failure" than conventional clinical measures. 1 Since falls are complex accidents that have multiple contributing factors, the mechanisms by which amyloid deposition increases their risk remain unclear. Strengths of the study include its prospective design with monthly falls assessment for 1 year.
The neuropsychological battery used in the study did not detect cognitive deficits, but it included only limited measures of cognitive speed, executive function, and visuospatial function (Digit Symbol, Trail Making Test A, Fluency); therefore, the investigators may have missed nonamnestic mild cognitive impairment. It remains possible that the subjects who had falls will develop mixed dementia (Alzheimer disease [AD] plus vascular), atypical AD, or even non-AD dementia (dementia with Lewy bodies). The decreased hazard ratio for activities of daily living impairment in the falls risk models is difficult to reconcile. It should be noted that falls were also frequent in the group without evidence for amyloid, so the clinical and imaging evolution will be important to follow. Quantitative measures of motor impairment are not reported but might be a useful predictive adjunct.
Amyloid may influence falls risk in other populations; for example, amyloid affected postural stability in Parkinson disease. 2 The current study should influence our thinking about people with falls and sharpen our vigilance in their follow-up. It also validates the importance of a "preclinical" phase of dementia, which may indicate a high risk of more than dementia in a given individual. These authors' findings indicate that amyloid deposition in the brain is not benign. 
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and fall ascertainment methods were intensive, underreporting of falls cannot be ruled out. However, strategies were used to aid in the recall of fall events and underreporting falls is more likely with recurrent falls. 38 Our sample reported a greater than expected rate of falls. It is unknown whether our enhanced surveillance methods or characteristics of the sample resulted in increased reported falls. Despite limitations, this study points to the importance of understanding not only the cognitive impairments associated with AD, but also the motor changes that appear to precede cognitive changes. Additional research is needed to assess the extent of fall risk among healthy older adults with preclinical AD and to begin to explore the mechanism causing falls differentially in these groups. Continued study of this phenomenon could provide a better understanding of the clinical presentation of preclinical AD and an underlying mechanism of the cause of falls.
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